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(54) THERMOELECTRIC DEVICE AND THERMOELECTRIC MANIFOLD 



(57) In a thermoelectric device such as a thermoe- 
lectric manifold having a plurality of stages of thermoe- 
lectric modules, not only are distributions of heat, at en- 
dothermic and exothermic surfaces equalized to in- 
crease the heat exchange efficiency and also to sup- 
press thermal strains in the thermoelectric modules, but 
also heattransmission between the thermoelectric mod- 



ules is facilitated even though bowing occurs. For this 
purpose, in the thermoelectric device utilizing the plural 
thermoelectric modules, a fluid serving as a heat trans- 
fer medium is intervened between the thermoelectric 
modules and is utilized to achieve a transmission of heat 
from the exothermic surface of the thermoelectric mod- 
ule on a cooling side to the endothermic surface of the 
thermoelectric module on a heating side. 
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Description 

FIELD OF THE INVENTION 

[0001 ] The present invention relates to a thermoelec- 
tric device utilizing a thermoelectric module utilizable in 
a refrigerating apparatus and, more particularly to a 
thermoelectric manifold capable of cooling or heating a 
thermal medium in a fluid circuit for the thermal medium 
by utilization of a thermoelectric effect. 

BACKGROUND ART 

[0002] In recent years, depletion of the ozone layer in 
contact with fluorinated hydrocarbon gas has come to 
be a global problem and immediate development of re- 
frigerating apparatuses that do not use fluorinated hy- 
drocarbons is desired. Also, with the standard refriger- 
ating apparatus utilizing a compressor, noises generat- 
ed from the compressor are offensive to the ears partic- 
ularly where the environment in which it is used is quiet. 
As one of the refrigerating apparatuses that do not use 
fluorinated hydrocarbons the refrigerating apparatus uti- 
lizing a thermoelectric module has now come to be spot- 
lighted. 

[0003] The Peltier effect is generally well known as a 
phenomenon in which when a weak electric current 
flows across the interface between dissimilar metals 
heat is evolved and absorbed. The thermoelectric mod- 
ule utilizing this Peltier effect is of a design in which plu- 
ralities of P-type semiconductor elements and N-type 
semiconductor elements are arranged in a matrix pat- 
tern, having been connected in series with each other 
through electrodes and are sandwiched between heat 
transfer plates to render the resultant assembly to rep- 
resent a generally flat configuration. In this thermoelec- 
tric module, when a direct current is applied in one di- 
rection to the semiconductor elements, the heat transfer 
plates are cooled and heated, respectively, by the Pel- 
tier effect. Accordingly, one of the heat transfer surfaces 
acts as an exothermic surface whereas the other of the 
heat transfer surfaces acts as an endothermic surface. 
[0004] In the thermoelectric module, it is thought that 
heat is transported from the endothermic surface to- 
wards the exothermic surface by the effect of exchange 
of kinetic energies and heat energies of electrons flow- 
ing through the semiconductor elements. Accordingly, if 
it is assumed that no heat conduction take place be- 
tween the heat transfer plates through the semiconduc- 
tor elements, the difference in temperature between the 
endothermic and exothermic surfaces of the single ther- 
moelectric module can be increased by choosing the 
number of the semiconductor elements and the electric 
current density. 

[0005] In reality, however, heat evolved in the heat 
transfer plate on a heating side transfers to the heat 
transfer plate on a cooling side as a result of a heat con- 
duction through the semiconductor elements. Accord- 



ingly, if the temperature difference between the endo- 
thermic and exothermic surfaces of the single thermoe- 
lectric module becomes large, the heat capacity brought 
about upon cooling or heating by the Peltier effect and 
5 the heat capacity of the above described heat conduc- 
tion are counterbalanced with each other and no con- 
tinued application of an electric current would result in 
increase of the temperature difference. 
[0006] Accordingly, in order for the thermoelectric de- 
vice having the thermoelectric module built therein to 
enable the endothermic surface to be cooled down to a 
desired temperature, the Japanese Laid-open Patent 
Publication No. 8-236820 discloses stacking of a plural- 
ity of thermoelectric module one above the other so that 
they can be cooled stepwise to thereby enable the en- 
dothermic surface on a cooling side to be cooled down 
to a desired temperature. 

[0007] With the prior art thermoelectric module, since 
the pluralities of the P-type semiconductor elements and 
N-type semiconductor elements are arranged in a ma- 
trix pattern and heat transport takes place in each of the 
semiconductor elements by the Peltier effect, a center 
portion of the endothermic surface is lower in tempera- 
ture than that at a peripheral edge portion thereof and, 
on the other hand, a center portion of the exothermic 
surface is higher in temperaturethan that at a peripheral 
edge portion thereof. If a gradient occurs in a pattern of 
distribution of temperature at the endothermic surface 
and also at the exothermic surface, the cooling efficien- 
cy exhibited by the endothermic surface as a whole 
tends to be lowered, in particular, in the thermoelectric 
refrigerating apparatus utilizing the multi-staged ther- 
moelectric modules, the temperature gradient tends to 
become large. 

[0008] Once the temperature gradient becomes 
large, not only is the heat exchange efficiency reduced, 
but the thermoelectric module is susceptible to bowing 
deformation. In such case, cracking may occur at the 
joint between the semiconductor elements and the elec- 
trodes. Also, where a pair of heat transfer plate are used 
for each of the thermoelectric modules and the heat 
transfer plates are joined together to allow the plural 
thermoelectric modules to be laminated, bowing of one 
or more thermoelectric modules will result in separation 
of the heat transfer plates from each other and no heat 
transmission would occur properly between the thermo- 
electric module. 

DISCLOSURE OF THE INVENTION 

[0009] The present invention has for its object to pro- 
vide a thermoelectric device such as a thermoelectric 
manifold having a multi-stage of thermoelectric mod- 
ules, wherein the heat exchange efficiency is increased 
by equalizing heat distribution in each of the endother- 
mic and exothermic surfaces and thermal strains in the 
thermoelectric modules are suppressed so that even 
though bowing takes place the heat transmission can 
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favorably take place, between the thermoelectric mod- 
ules. 

[0010] In order to accomplish the above described ob- 
ject, the present invention is such that in the thermoe- 
lectric device provided with a plurality of thermoelectric 
modules, a fluid that serves as a heat transfer medium 
is intervened between the thermoelectric modules so 
thatthroughthisfluid heattransmission takes place from 
an exothermic surface of the thermoelectric module on 
a cooling side towards an endothermic surface of the 
thermoelectric module on a heating side. Thus, if the 
heat transmission is caused to occur indirectly between 
the thermoelectric modules through thefluid, even when 
thermal strains are induced in the thermoelectric mod- 
ules, the heat transfer medium favorably contacts the 
endothermic and exothermic surfaces of the thermoe- 
lectric modules with the heat transmission taking place 
favorably between the thermoelectric modules. Also, 
heat distribution at the endothermic or exothermic sur- 
face of each of the thermoelectric modules held in con- 
tact with the fluid can be equalized to thereby increase 
the heat exchange efficiency and also to lessen the ther- 
mal stresses in the thermoelectric modules. 
[0011] The thermoelectric device of the present in- 
vention includes a plurality of thermoelectric modules 
each having endothermic and exothermic surfaces, 
wherein when an electric current is supplied the exo- 
thermic surface is heated and the endothermic surface 
is cooled, the plural thermoelectric modules being jux- 
taposed to each other with the exothermic surface of 
one of the neighboring thermoelectric modules and the 
endothermic surface of the other of the neighboring ther- 
moelectric modules being held in face-to-face relation 
with each other; and a cavity defining member for defin- 
ing a heat transfer cavity between the neighboring ther- 
moelectric modules. 

[0012] In the present invention, the fluid that serves 
as the heat transfer medium is sealed within, or is al- 
lowed to flow through, the heat transfer cavity and, by 
so doing, heat transfer takes place from the exothermic 
surface of one of the neighboring thermoelectric mod- 
ules to the endothermic surface of the other of the neigh- 
boring thermoelectric modules through this fluid. Ac- 
cordingly, even when one or some of the thermoelectric 
module is deformed to bow under the influence of the 
thermal strains, the heat transfer medium favorably con- 
tacts the exothermic and endothermic surfaces and the 
heat transfer from the exothermic surface of the thermo- 
electric module on the cooling side towards the endo- 
thermic surface of the thermoelectric module on the 
heating side takes place favorably, resulting in consid- 
erable contribution to increase of the overall efficiency. 
Also, by the intervention of the heat transfer medium, 
the heat distribution at the exothermic or endothermic 
surfaces of each of the thermoelectric module can be 
equalized, the efficiency of the thermoelectric effect of 
each of the thermoelectric module can be increased and 
the thermal strains can be suppressed as small as pos- 



sible. 

[0013] The thermoelectric device of the present in- 
vention may be provided with a stirring meansforstirring 
the fluid within the heat transfer cavity. According to this, 

5 by stirring the fluid within the heat transfer cavity by 
means of the stirring means, the heat transfer between 
the thermoelectric modules through the fluid can further 
efficiently take place. For the stirring means, what 
achieves the stirring by providing a bypass passage 

10 above and below the heat transfer cavity and then by 
circulating the fluid within the heat transfer cavity by 
means of a pump, or a stirring blade supported rotatably 
within the heat transfer cavity may be employed. Also, 
stirring of the fluid can also be achieved if a plurality of 

15 iron balls are movably sealed within the heat transfer 
cavity and are rotated externally from the outside of the 
cavity by the action of a magnet. 
[001 4] Where the stirring blade is used for the stirring 
means, the stirring blade has to be appropriately rotated 

20 to achieve stirring of the fluid. As a rotation drive means 
for the stirring blade, various structures such as an elec- 
tric motor and a hydraulic motor can be contemplated, 
but such an arrangement may be employed in which, 
for example, while a rotor is provided on the stirring 

25 blade, a stator which forms an electric motor together 
with the rotor is provided n the cavity defining member 
on one side externally of an outer periphery of the stir- 
ring blade. According to this, since the rotor is provided 
on the stirring blade itself, the overall structure can be 

30 simplified and compactized and the thermoelectric de- 
vice of the present invention can be easily installed with- 
in a narrow space. 

[001 5] Also, in orderto realize a stabilized rotating op- 
eration of the stirring blade with a simplified structure, 

35 the stirring blade may be rotatably supported by a sup- 
port shaft which is in turn supported by an oscillation 
preventing member held in abutment with an inner sur- 
face of the heat transfer cavity defining member. It is to 
be noted that such oscillation preventing member may 

40 be of a flat shape and preferably of a type contacting at 
least three locations of the inner surface of the heat 
transfer cavity, and is preferably constructed from a gen- 
erally cross-shaped flat plate. 

[0016] In order that in the above described thermoe- 
45 lectric device provided with the multi-staged thermoe- 
lectric modules the temperature difference between the 
endothermic and exothermic surfaces of each of the 
thermoelectric module can be optimized and the ther- 
moelectric efficiency can further be increased, the ther- 
50 moelectric modules may have different powers. In other 
words, where each of the thermoelectric module com- 
prises the Peltier element provided with the P-type and 
N-type semiconductors connected in series with each 
other, the number of the semiconductors forming the re- 
55 spective thermoelectric module may differ from one 
thermoelectric module to another so that the powers of 
those thermoelectric modules can be adjusted. Also, 
even where a number of the same thermoelectric mod- 
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ules are employed, application of the electric current of 
a density different for each of the thermoelectric module 
is effective to differentiate the thermoelectric powers of 
the. thermoelectric modules during operation. 
[0017] Furthermore, arrangement may be made in 
which of the juxtaposed thermoelectric modules the 
thermoelectric modules on one side adjacent a cooling 
end may be provided with the cavity defining member 
for defining a cooling cavity between the endothermic 
surfaces thereof, which cavity defining member may be 
provided with an fluid inlet and a fluid outlet. According 
to this, the fluid introduced from the fluid inlet in the cool- 
ing cavity defining member into the cooling cavity can 
be caused to contact the endothermic surfaces on the 
side adjacent the cooling end to cool efficiently and can 
subsequently be discharged through the fluid outlet. If 
the fluid outlet is coupled with a heat exchanger such 
as, for example, that of a refrigerator, a desired space 
can be efficiently cooled through the fluid. Also, since 
the thermoelectric modules are arranged in multiple 
stages, as compared with a single stage a low temper- 
ature can easily be obtained and a desired temperature 
can be obtained even though compact and low in noise. 
[0018] Also, arrangement may be made in which of 
the juxtaposed thermoelectric modules the thermoelec- 
tric modules on one side adjacent a heating end may be 
provided with the cavity defining member for defining a 
heating cavity between the exothermic surfaces thereof, 
which cavity defining member may be provided with an 
fluid inlet and a fluid outlet. According to this, the fluid 
introduced from the fluid inlet in the heating cavity de- 
fining member into the heating cavity can be caused to 
contact the exothermic surfaces onthesideadjacentthe 
heating end to efficiently cause heat evolved by the ther- 
moelectric modules to be dissipated to the fluid and can 
subsequently be discharged through the fluid outlet. If 
the fluid outlet and the fluid inlet are coupled with an 
external heat discharge piping, the fluid serving as the 
heated heat transfer medium can be efficiently cooled 
naturally for reuse and the temperature at the endother- 
mic surfaces on the side adjacent the cooling end can 
further be reduced down to a lower temperature. 
[0019] The above described thermoelectric device 
can be employed in various applications and in various 
embodiments. By way of example, it can be used as a 
cooling device such as a refrigerator or a cooler. Also, 
it can be built in a manifold which provides a flow tube 
for the heat transfer medium on the cooling side and/or 
the heat transfer medium on the heating side in, for ex- 
ample, a refrigerator so that cooling or heating of the 
heat transfer medium can be performed within the flow 
tube. 

[0020] The present invention can be realized as a 
thermoelectric manifold having the thermoelectric mod- 
ule built in the manifold. In such thermoelectric manifold 
of the present invention, there is provided a plurality of 
thermoelectric modules each having endothermic and 
exothermic surfaces in which when an electric current 



is supplied the exothermic surface is heated and the en- 
dothermic surface is cooled, the plural thermoelectric 
modules being juxtaposed within a manifold body with 
the exothermic surface of one of the neighboring ther- 

5 moelectric modules facing the endothermic surface of 
the other of the neighboring thermoelectric modules, a 
cooling cavity being provided within the manifold body 
and between the endothermic surfaces on one side ad- 
jacent the cooling end while a heating cavity is provided 

10 between the exothermic surfaces on one side adjacent 
the heating end, a heat transfer cavity being provided 
between the neighboring thermoelectric modules. 
[0021] In the thermoelectric manifold of the present 
invention, a fluid serving as a cooled heat transfer me- 

15 dium is supplied into the cooling cavity whereas a fluid 
serving as a heated heat transfer medium is supplied 
into the heating cavity, and a fluid serving as a heat con- 
ducting heat transfer medium is sealed within or sup- 
plied into the heat transfer cavity, and a direct current is 

20 supplied to the thermoelectric module in a predeter- 
mined direction. Thereupon, not only is the cooled heat 
transfer medium contacting the endothermic surfaces 
on the side adjacent the cooling end is cooled, but the 
heated heat transfer medium contacting the exothermic 

25 surfaces on the side adjacent the heating end is heated. 
Also, heat transfer between the thermoelectric modules 
is carried by the fluid within the heat transfer cavity. 
Since the heat transfer is carried out between the ther- 
moelectric modules through the fluid, even when the 

30 thermoelectric modules are deformed to bow under the 
influence of thermal strains, there is no possibility that 
the efficiency of heat transmission between the thermo- 
electric modules will decrease considerably. According- 
ly, movement of heat from the cooled heat transfer me- 

35 dium towards the heated heat transfer medium takes 
place efficiently and the cooled heat transfer medium 
can be cooled down to a desired low temperature. 
[0022] In the above described thermoelectric mani- 
fold of the present invention, the cooling cavity, the heat- 

40 jng cavity and the heat transfer cavity may have respec- 
tive stirring members disposed therein forstirring theflu- 
ids within such cavities. According to this, by stirring the 
fluids within each of those cavities by means of the as- 
sociated stirring member, the fluid within the cooling 

45 cavity can be efficiently cooled, a highly efficient heat 
transfer can take place within the heat transfer cavity, 
and the heat can be dissipated efficiently to the fluid 
within the heating cavity. 

[0023] Although the stirring members can be driven 
50 by respective drive means, in order to simplify the struc- 
ture, to reduce the number of component parts and to 
render the device to be compact, they are preferably as- 
sociate with each other by the utilization of magnetism. 
In other words, it is possible to arrange the endothermic 
55 and exothermic surfaces of the thermoelectric modules 
so as to be parallel to each other, to cause the stirring 
members to be supported rotatably within the manifold 
body for rotation about respective axes perpendicular to 
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any one of the endothermic and exothermic surfaces 
and then to provide a paramagnetic body on each of the 
stirring member so that those stirring member can be 
driven in association with each other. It is to be noted 
that the number of paramagnetic bodies provided on 
each of the stirring members is preferred to be sufficient 
to transmit a rotational force, but all of them need not be 
a paramagnetic body and soft magnetic bodies such as 
iron can be appropriately provided. 
[0024] Where the paramagnetic bodies are provided 
as rotational force transmitting means for the stirring 
members, if a rotational drive means is provided for the 
stirring member within one of the cooling cavity the 
heating cavity and the heat transfer cavity, all of the stir- 
ring members can be driven. Such a rotational drive 
means may be of a type provided, for example, with a 
rotor provided on the stirring member within the cooling 
cavity or the heating cavity, and a stator provided on the 
manifold body and constitute an electric motor in coop- 
eration with the rotor. 

[0025] Also, even if the stator for driving the stirring 
member with the paramagnetic bodies provided on the 
stirring member used as the rotor is provided radially 
outwardly of the stirring member within at least one heat 
transfer cavity, the rotational drive means for the stirring 
members can be constituted. According to this, since 
the stirring member at an intermediate position is driven 
and the rotational force produced thereby is transmitted 
tothestirring members on the heating and cooling sides, 
respectively, a loss of the rotational force is small and a 
highly efficient rotation can be achieved. 
[0026] Also, in order to realize a stable rotation of the 
stirring member within the heat transfer cavity with a 
simplified structure, the stirring member may be rotata- 
bly supported by a support shaft which is in turn sup- 
ported by an oscillation preventing member positioned 
in the manifold body. It is to be notedthatsuch oscillation 
preventing member may be of a flat shape and prefer- 
ably of a type contacting at least three locations of the 
inner surface of the heat transfer cavity, and is prefera- 
bly constructed from a generally cross-shaped flat plate. 
[0027] Also, in order that in the thermoelectric mani- 
fold provided with the multi-staged thermoelectric mod- 
ules the temperature difference between the endother- 
mic and exothermic surfaces of each of the thermoelec- 
tric module can be optimized and the thermoelectric ef- 
ficiency can further be increased, the thermoelectric 
modules may have different powers. In other words, 
where each of the thermoelectric module comprises the 
Peltier element provided with the P-type and N-type 
semiconductors connected in series with each other, the 
number of the semiconductors forming the respective 
thermoelectric module may differ from one thermoelec- 
tric module to another so that the powers of those ther- 
moelectric modules can be adjusted. 



BRIEF DESCRIPTION OF THE DRAWINGS 
[0028] 

5 Fig. 1 is an overall longitudinal sectional view of a 

thermoelectric manifold according to a first embod- 
iment of the present invention; 
Fig. 2A is an exploded perspective view of a heating 
side of the thermoelectric manifold in the first em- 

10 bodiment; 

Fig. 2B is an exploded perspective view of a heating 
side stirring member; 

Fig. 2C is a sectional view of a small diameter boss 
portion of a heating side manifold segment; 

15 Fig. 2D is a sectional view of a boss portion of a 
heating side stirring member; 
Fig. 3 is a right side view of the thermoelectric man- 
ifold in the first embodiment; 
Fig. 4 is a left side view of the thermoelectric man- 

20 jfold in the first embodiment; 

Fig. 5 is a transverse sectional viewtaken along the 
line A-A in Fig. 3; 

Fig. 6 is a right side view of an intermediate manifold 
segment in the first embodiment; 
25 Fig. 7 is a left side view of the intermediate manifold 
segment of Fig. 6; 

Fig. 8 is a rear view of the intermediate manifold 
segment of Fig. 6; 

Fig. 9 is a transverse sectional viewtaken along the 
30 line B-B in Fig. 6; 

Fig. 10 is a transverse sectional view taken along 
the line C-C in Fig. 6; 

Fig. 1 1 is a front view of a stirring blade of an inter- 
mediate stirring member in the first embodiment; 
35 Fig. 1 2 is a rear view of the stirring blade of the in- 
termediate stirring member in the first embodiment; 
Fig. 13 is a transverse sectional view taken along 
the line D-D in Fig. 12; 

Fig. 14 is a transverse sectional view taken along 
40 the line E-E in Fig. 12; 

Fig. 15 is a front view of a fitting plate of the inter- 
mediate stirring member in the first embodiment; 

Fig. 16 is a rear view of the fitting plate of Fig. 15; 

Fig. 17 is a transverse sectional view taken along 
45 the line F-F in Fig. 15; 

Fig. 18 is a front view of an oscillation preventing 

member in the first embodiment; 

Fig. 19 is a transverse sectional view taken along 

the line G-G in Fig. 18; 
50 Fig. 20 is a rear view of the oscillation preventing 

member shown in Fig. 18; 

Fig. 21 is a side view of the oscillation preventing 
member shown in Fig. 18; 

Fig. 22 is a front view of a heating side stirring mem- 
55 ber (a cooling side stirring member) in the first em- 
bodiment; 

Fig. 23 is a transverse sectional view taken along 
the line H-H in Fig. 22; 
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Fig. 24 is an overall piping diagram of a freezer uti- 
lizing the thermoelectric manifold in the first embod- 
iment; 

Fig. 25 is an overall longitudinal sectional view of 
the thermoelectric manifold according to a second 
embodiment of the present invention; 
Fig. 26 is a right side view of the thermoelectric 
manifold shown in Fig. 25; 

Fig. 27 is an overall longitudinal sectional view of a 
thermoelectric device according to a third embodi- 
ment of the present invention; 
Fig. 28 is a plan view of the thermoelectric device 
shown in Fig. 27; and 

Fig. 29 is an overall longitudinal sectional view of 
the thermoelectric device according to a fourth em- 
bodiment of the present invention. 

BEST MODE FOR CARRYING OUT THE INVENTION 

[0029] In describing some embodiments of the 
present invention, like parts are designated by like ref- 
erence numerals and, therefore, only difference, func- 
tion and effect of those embodiments will be discussed. 

(First Embodiment) 

[0030] Figs. 1 to 23 illustrates a thermoelectric mani- 
fold 1 forming a thermoelectric device according to a first 
embodiment of the present invention. This manifold 1 is 
generally divided into a heating side (right side viewed 
in Fig. 1) and a cooling side (left side viewed in Fig. 1). 
This manifold 1 includes a manifold body 19 made up 
of a heating side manifold segment 2, a cooling side 
manifold segment 3 and an intermediate manifold seg- 
ment 1 7, a heating side stirring member 5, a cooling side 
stirring member 6, an intermediate stirring member 1 8, 
two thermoelectric modules 7, a motor casing member 
8 enclosing a stator 8b, and a fixing ring 9. Each of the 
thermoelectric modules 7 has endothermic and exother- 
mic surfaces 7a and 7b substantially parallel to each 
other, and when a direct current is supplied in a prede- 
termined direction to the thermoelectric modules 7, the 
endothermic surfaces 7b are heated and the exothermic 
surfaces 7a are cooled. 

[0031] To describe an important portion of the struc- 
ture of the first embodiment, within the manifold body 
19, a cooling cavity 20c is formed between its left end 
wall and the endothermic surface 7a of the cooling side 
thermoelectric module 7 (a left side surface of a left side 
thermoelectric module 7 as viewed in Fig. 1 ) and a heat- 
ing cavity 10d is formed between its right end wall and 
the exothermic surface 7b of the heating side thermoe- 
lectric module 7 (a right side surface of a right side ther- 
moelectric module 7 as viewed in Fig. 1). Also, a heat 
transfer cavity 17a is formed between the neighboring 
thermoelectric modules 7 (that is, between the opposed 
endothermic and exothermic surfaces 7b and 7a of the 
neighboring thermoelectric modules 7). In other words, 



the cooling cavity 20c is formed by a space within the 
cooling manifold segment 3, the heating cavity 10d is 
formed by a space within the heating manifold segment 
2, and the heat transfer cavity 1 7a is formed by a space 
5 within the intermediate manifold segment 17 (a heat 
transfer cavity defining member). 
[0032] The intermediate manifold segment 17 has a 
cylindrical inner space 1 7a defined therein so as to ex- 
tend therethrough in an axial direction perpendicular to 
the thermoelectric modules 7 and the heat transfer cav- 
ity is formed by disposing the generally disc-shaped 
thermoelectric modules 7 at opposite open ends of the 
inner space 17a. It is to be noted that the intermediate 
manifold segment 17 is formed with annular O-ring 
mounting grooves 17b at respective positions adjacent 
outer peripheries of the opposite open ends of the inner 
space 17a, within which grooves 17b are mounted re- 
spective 0-rings 71 in abutment with respective outer 
peripheral edges of the thermoelectric modules 7 to se- 
cure a sealability of the heat transfer cavity 17a. And, 
within this heat transfer cavity 1 7a, a heat transfer me- 
dium comprising water as a principle component is filed 
therein. 

[0033] The exothermic surface 7b of the cooling side 
thermoelectric module 7 and the endothermic surface 
7a of the heating side thermoelectric module 7 are held 
in face-to-face relation with each other and confront the 
heat transfer cavity 1 7a. Accordingly, heat from the ex- 
othermic surface 7b of the cooling side thermoelectric 
module 7 is first transmitted to the heat transfer medium 
within the heat transfer cavity 1 7a and then transmitted 
to the endothermic surface of the heating side thermo- 
electric module 7 through this heat transfer medium. 
[0034] In order to optimize the heat transfer efficiency, 
a stirring member 1 8 for stirring the heat transfer medi- 
um is provided within the heat transfer cavity 17a. This 
stirring member 18 includes a stirring blade 18a as 
shown in Figs. 11 to 14, a plurality of permanent mag- 
nets 1 8b (a paramagnetic body) embedded in a prede- 
termined site in the stirring blade 1 8a, and a fitting plate 
1 8c as shown in Figs. 1 5 to 1 7 for carrying the perma- 
nent magnets 18b. 

[0035] The stirring blade 18a includes a cylindrical 
boss portion 8d formed at an axial center thereof, and 
four, vane members 18f formed integrally therewith 
through respective ribs 1 8e extending radially outwardly 
from the boss portion 18d. Each of the vane member 
1 8f has a center portion having an increased wall thick- 
ness as shown in Fig. 14 and also has its opposite sides 
formed into respective inclined faces with respect to the 
direction of rotation thereof, representing a generally 
chevron shape as viewed in a direction perpendicularto 
the boss portion 18d. Each of the vane members 18f 
has a magnet fitting pocket 18g defined in a rear side 
thereof at an intermediate location for accommodating 
the corresponding permanent magnet 18b of a cubic 
shape. This magnet 1 8b has its polarity so arranged that 
the magnets 1 8b on one side adjacent one of the neigh- 
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boring thermoelectric modules 7 represent a N-pole 
while that on one side adjacent the other of the neigh- 
boring thermoelectric modules 7 represent an S-pole. 
Each of the vane members 18f has a projection 18h 
formed therein so as to protrude outwardly from the rear 
surface thereof . 

[0036] The fitting plate 1 8c is of a generally disc shape 
having its outer diameter substantially equal to that of 
the stirring blade 1 8a. Also, this plate 1 8c is formed with 
a hole 1 8i of a diameter somewhat greaterthan the inner 
diameter of the vane members 18f and also with a 
mounting hole 18j defined therein at a position corre- 
sponding to the projection 1 8h of the stirring blade 1 8a. 
This fitting plate 18c is so fitted and so fixed to the rear 
side of the stirring blade 1 8a that in a condition in which 
the magnets 18b are fitted to the stirring blade 18a, all 
of the projections 18j can be inserted into the respective 
mounting holes 18j. 

[0037] The above described stirring member 1 8 is ro- 
tatably supported by a support shaft 72 positioned rela- 
tive to the manifold body 1 9. This support shaft 72 is in 
turn supported by front and rear oscillation preventing 
members 73 mounted on inner surfaces of the interme- 
diate manifold segment 1 7 so as to extend perpendicu- 
lar to any one of the endothermic and exothermic sur- 
faces 7a and 7b of the thermoelectric module 7. As 
shown in Figs. 1 8 to 21 , each of the oscillation prevent- 
ing members 73 is in the form of a generally cross 
shaped plate member as viewed from front, having a 
boss portion 73a at a center thereof and four support 
bars 73d extending outwardly from the boss portion 73a 
in four directions. The boss portion 73a is formed with 
a support shaft fitting hole 73c of a generally semilunar 
shape. Respective free ends of the four support bars 
73b of the oscillation preventing member 73 are held in 
abutment with a cylindrical inner wall surface of the in- 
termediate manifold segment 1 7 so as to be positioned 
relative to the manifold body 1 9. 

[0038] The support shaft 72 is inserted through and 
retained by the support shaft fitting holes 73c in the boss 
portions 73a of the oscillation preventing members 73. 
In other words, opposite ends of the support shaft 72 is 
cut to have a semilunar cross-section, one of which is 
inserted in the support shaft fitting hole 73c in the oscil- 
lation preventing member 73 disposed adjacent the 
cooling side thermoelectric module 7 whereas the other 
of them is inserted into the support shaft fitting hole 73c 
in the oscillation preventing member 73 disposed adja- 
cent the heating side thermoelectric module 7, such that 
the support shaft 72 so supported by the oscillation pre- 
venting members 73 is positioned relative to the mani- 
fold body 19 (the intermediate manifold segment 17). 
[0039] The stirring member 1 8 is rotatably supported 
by the support shaft 72 within the heat transfer cavity 
1 7a. More specifically, the support shaft 72 has a cylin- 
drical bushing 74 mounted thereon, on which the boss 
portion 18d of the stirring member 18 is mounted. It is 
to be noted that the boss portion 1 8d has an axial length 



substantially equal to the spacing between the oscilla- 
tion preventing members 73 of the pair such that an axial 
position of the stirring member 1 8 can be positioned. Al- 
so, the vane members 18f of the stirring member 18 
5 have an outer diametersomewhat smallerthan the inner 
diameter of the heat transfer cavity. Preferably, selection 
of the ratio of a clearance, defined between the outer 
ends of the vane members 1 8f and the inner peripheral 
surface of the heat transfer cavity 17a, relative to the 
10 diameter of the stirring member 18 to about 0.03 (for 
example, in the case of 30 mm in diameter, the clear- 
ance will have about 1 mm) is preferred to ensure a 
smooth rotational operation of the stirring member 18 
and also to optimization of stirring of the fluid by the stir- 
's ring member 18. 

[0040] As will be described later, a rotational force of 
the stirring member 5 within the heating side cavity 1 0d 
is transmitted through a rotational force transmitting 
means to the stirring member 18 to drive the latter. As 
20 this rotational force transmitting means, in the first em- 
bodiment of the present invention, magnets 1 8b and 1 5d 
fitted respectively to the stirring members 5 and 1 8 are 
shown. In other words, by the effect of a magnetic force 
acting between the magnets 15d fitted to the heating 
25 side stirring member 5 and the magnets 18b fitted to the 
intermediate stirring member 18, the stirring members 
5 and 18 are drivingly associated with each other. It is 
to be noted that arrangement of poles of the magnets 
15d and 8 are not specifically limited. By way of exam- 
30 pie, the N-poles and the S-poles of those magnets 1 5d 
and 1 8b are so arranged as to confront with each other 
so that a force of magnetic attraction may be utilized to 
drive them in unison. Also, it is possible to drive them in 
unison by the utilization of a force of magnetic repulsion 
35 by arranging the same poles of the magnets 15d and 
18b so as to confront with each other. 
[0041] The thermoelectric manifold 1 in the first em- 
bodiment of the present invention is provided with the 
cooling side manifold segment 3 defining the cooling 
40 cavity in which the cooled heat transfer medium flows 
between it and the endothermic surface 7a of the cooling 
side thermoelectric module 7, and the heating side man- 
ifold segment 2 defining the heating cavity in which the 
heated heat transfer medium flows between it and the 
45 exothermic surface 7b of the heating side thermoelectric 
module 7. The heating side manifold segment 2 can be 
formed by the use of an injection molding technique us- 
ing such a material as polypropylene resin or polyethyl- 
ene resin. 

so [0042] As shown in Figs. 1 and 3, the heating manifold 
segment 2 is of a structure including a disc-shaped 
flange portion 2a and boss portions 2b and 2c continued 
therefrom and continued to tubular portions 2d and 2e. 
In otherwords, the heating side manifold segment2 has 
55 the flange portion 2A and the large diameter boss por- 
tion 2b continued therefrom. The large diameter boss 
portion 2b is in turn continued to the small diameter boss 
portion 2c. The small diameter boss portion 2c has one 
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end narrowed to provide the large diameter tubular por- 
tion 2d having one end further narrowed to define the 
small diameter tubular portion 2e. 
[0043] The interior of the heating side manifold seg- 
ment 2 is a cavity 1 0 extending from the small diameter 
tubular portion 2e to the flange portion 2a. The cavity 10 
within the heating side manifold segment 2 has a sec- 
tional representation which is round at any point over 
the entire length thereof. The cavity 1 0 has an inner di- 
ameter varying in dependence on the respective outer 
diameters of the boss portions 2b and 2c and the tubular 
portions 2d and 2e and an outer diameter stepped to 
increase from the small diameter tubular portion 2e to 
the flange portion 2a. 

[0044] In other words, the cavity 1 0 within the heating 
side manifold segment 2 is divided into four regions in- 
cluding, in the orderfrom the small diameter tubular por- 
tion 2e, a first cavity portion 1 0a, a second cavity portion 
1 0b, a third cavity portion 1 0c and a fourth cavity portion 
1 0d. The fourth cavity portion 1 0d opens at a site adja- 
cent the flange portion 2a and the heating side thermo- 
electric module 7 is disposed at one end position adja- 
cent this opening with the heating cavity formed be- 
tween it and the thermoelectric module 7. In the illustrat- 
ed embodiment, an opening 13 of the small diameter 
tubular portion 2e functions as a intake port for the fluid 
which will become the heat transfer medium, while the 
small diametertubular portion 2e serves as a fluid intake 
tube. 

[0045] Within the interior of the heating side manifold 
segment2, there is provided a shaft fixture 11 .This shaft 
fixture 11 includes as shown in Figs. 1 and 2 a cylindrical 
shaft support 11a. The shaft support 11a is supported 
coaxially within the cavity 10 by means of ribs 11b. More 
specifically, within the interior of the large diametertu- 
bular portion 2d, that is, within the second cavity portion 
1 0b, three ribs 1 1 b are provided radially. These ribs 1 1 b 
are integrally connected at one end with a side face of 
the shaft support 1 1 a to thereby support the shaft sup- 
port 1 1 a coaxially within the second cavity portion 1 0b. 
An axial position of the shaft support 11a is where it 
straddle between the second and third cavity portions 
1 0b and 1 0c. The shaft support 1 1 a of the shaft fixture 
1 1 is integrally connected with a shaft 1 2 made of stain- 
less steel or the like. Accordingly, the shaft 12 is coaxi- 
ally fixedly supported within the cavity 1 0. 
[0046] The large diameter boss portion 2b is provided 
with a pipe-shaped fluid dischargetube 1 4 communicat- 
ed outwardly from inside the heating cavity 10d (fourth 
gap). This fluid dischargetube 14 has an outer open end 
serving as a fluid discharge port 14a. 
[0047] The heating side stirring member 5 is of a type 
in which the stirring blade 1 5 and the rotor 1 6 of the mo- 
tor are integrated together. In other words, the stirring 
blade 1 5 of the heating side stirring member 5 is formed 
by injection molding of'a synthetic resin and has a boss 
portion 15a and a disc portion 15b, four vane members 
15c being provided on one of opposite surfaces of the 



disc portion 15b. As shown in Fig. 22, each of the vane 
member 15c has a center portion narrowed as viewed 
from front and has a width progressively increasing to- 
wards an outer periphery thereof and is of a shape twist- 

5 ed in a clockwise direction. With this structure, the stir- 
ring member 5 in the illustrated embodiment functions 
as an impeller (blade wheel) of a centrifugal pump to 
suck the heating side heat transfer medium through the 
fluid intake port 1 3 and discharge the heat transfer me- 

10 dium through the fluid discharge port 1 4a. 

[0048] It is to be noted that the shape of vanes of the 
heating side stirring member 5 may not be always lim- 
ited to that in the illustrated embodiment and may be 
similarto a blade of a windmill, a propeller or a disc hav- 

15 ing plates secured thereto so as to extend upright rela- 
tive thereto. 

[0049] A cubic-shaped permanent magnet 1 5d (a par- 
amagnetic body) is fitted in an interior of each of the 
vane members 15b. 

20 [0050] On the other hand, the boss portion 15a is in 
the form of a hollow cylinder having an outer diameter 
which is 1/3 to 1/4 of the disc portion 1 5b. As shown in 
Figs. 22 and 23, a tubular bearing member 15f is pro- 
vided at a center of the boss portion 15a. In other words, 

25 the bearing member 1 5f is retained at a position aligned 
with the center of the boss portion 1 5a by means of three 
ribs 15g provided inside the boss portion 15d. 
[0051] In the illustrated embodiment, each of the ribs 
15g is in the form of a plate having its surfaces inclined 

30 relative to an axial line. The heat transfer medium pass- 
es inside the boss portion 15a as will be described later. 
However, in the illustrated embodiment, since the ribs 
15g are inclined relative to the axial line and act to en- 
tangle the fluid inwardly by rotation of the stirring mem- 

35 ber 5, a force of suction of the fluid is imparted from the 
fluid intake port 13 and the fluid can be smoothly intro- 
duced into the cavity 10 despite the presence of the ribs 
15g. 

[0052] The rotor 16 of the motor is specifically a cy- 
40 lindrical permanent magnet (a paramagnetic body). This 
rotor 1 6 has an outer diameter which is about 2/1 of the 
stirring blade 1 5. Also, the rotor 1 6 has a center portion 
formed with a hole 1 6a matching in diameterto the outer 
diameter of the previously described boss portion 15d. 
45 And, the rotor 1 6 is press-fitted into the boss portion 1 5a 
of the stirring blade 15 and is therefore integrated to- 
gether therewith. 

[0053] In the next place, the relation between the 
heating side manifold segment 2 and the heating side 

50 stirring member 5 will be discussed. The heating side 
stirring member 5 is disposed within and between the 
third and fourth cavity portions 10c and 10d. The shaft 
12 of the heating side manifold segment 2 is inserted 
into the bearing member 1 5f of the heating side stirring 

55 member 5 through the bushing 27. Also, while the shaft 
1 2 is inserted into the bearing member 1 5f of the heating 
side stirring member 5, a tip end of the shaft 12 has a 
stop member 28 mounted therein, which stop member 
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is made of a high heat conductive material such as alu- 
minum. The stop member 28 is axially slidably mounted 
on the tip end of the shaft 12 and is held in abutment 
with the thermoelectric module 7. Also, a washer 29 is 
mounted around the shaft 12 and positioned between 
the stop member 28 and the bearing member 1 5f . 
[0054] Accordingly, an end face of the bearing mem- 
ber 15f of the heating side stirring member 5 is held in 
abutment with the stop member 28 through the washer 
29 and an axial force of the heating side stirring member 
5 is transmitted to the thermoelectric module 7 through 
the stop member 28 and is supported by such module 
7. In the illustrated embodiment, the heating side stirring 
member 5 is, although rotatable, positioned axially im- 
movable. In a condition in which the heating side stirring 
member 5 is mounted in the heating side manifold seg- 
ment 2, the end face of the stop member 28 is positioned 
on the substantially same plane as a surface of the 
flange portion 2a of the heating side manifold segment 
2. 

[0055] In a condition in which the heating side mani- 
fold segment 2 and the heating side stirring member 5 
are assembled together, the heat transfer medium in- 
take port 13 of the heating side manifold 2 and a front 
surface side of the disc portion 15b of the heating side 
stirring member 5 are communicated with each other. In 
other words, the heat transfer medium intake port 13 is 
communicated with the first cavity portion 1 0a which is 
in turn communicated with an opening of the boss por- 
tion 1 5a of the heating side stirring member 5. The boss 
portion 1 5a is tubular and has its tip end portion opening 
towards the front surface of the disc portion 15b of the 
heating side stirring member 5. Accordingly, the heat 
transfer medium intake port 1 3 of the heating side man- 
ifold segment 2 and the front surface side of the disc 
portion 15b of the heating side stirring member 5 are 
communicated. 

[0056] In the next place, the structures of the cooling 
side manifold segment 3 and the cooling side stirring 
member 6 will be described. The cooling side manifold 
segment 3 is in symmetrical relation with the previously 
described heating side manifold segment 2 and has a 
disc-shaped flange portion 3a. In the cooling side man- 
ifold segment 3, the boss portion 3b is one stage. A rear 
end of the boss portion 3b is continued to tubular por- 
tions 3c and 3d. The large diameter tubular portion 3d 
of the cooling side manifold segment 3 has an outer pe- 
riphery which is a smooth cylindrical surface with no pro- 
jection. 

[0057] As is the case with the previously described 
heating side manifold segment 2, the interior of the cool- 
ing side manifold segment 3 is a cavity 20 extending 
from the small diameter tubular portion 3e to the flange 
portion 3a. The cavity 20 has an inner diameter is divid- 
ed into three regions including, in the order from the 
small diameter tubular portion 3e ; a first cavity portion 
20a, a second cavity portion 20b and a third cavity por- 
tion 20c. The third cavity portion 20c opens at a site ad- 



jacent the flange portion 3a and the cooling side ther- 
moelectric module 7 is disposed at one end position ad- 
jacent this opening with the cooling cavity formed be- 
tween it and the thermoelectric module 7. Also, an open- 
5 ing 21 of the small diameter tubular portion 3e functions 
as a intake port for the heat transfer medium. 
[0058] Within the interior of the cooling side manifold 
segment 3, there is provided a shaft fixture 22 as is the 
case with the heating side manifold segment 2. This 
shaft fixture 22 includes a cylindrical shaft support 22a. 
The shaft support 22a is supported coaxially within the 
cavity 20 by means of ribs 22b. the shape, position and 
number of the ribs 22b are similar to those in the previ- 
ously described heating side manifold segment 2 and 
three ribs 22b are provided radially within the second 
cavity portion 10b and are integrally connected at one 
end with a side face of the shaft support 22a to thereby 
support the shaft support 22a coaxially within the cavity 
1 0. An axial position of the shaft support 22a is where it 
straddle between the second and third cavity portions 
20b and 20c. 

[0059] The shaft support 22a of the shaft fixture 22 is 
integrally connected with a shaft 23 made of stainless 
steel or the like, which is in turn coaxially fixedly sup- 
ported within the cavity 20. 

[0060] Even in the cooling side manifold segment 3. 
there is provided a pipe-shaped heat transfer medium 
discharge tube 24. This fluid discharge tube 24 has an 
outer open end serving as a fluid discharge port 24a. 
[0061 ] The cooling side stirring member 6 is a stirring 
blade. In other words, the cooling side stirring member 
6 has no rotor. The cooling side stirring member 6 has 
a shape substantially similarto the vane members 1 5 of 
the heating side stirring member 5 and has a boss por- 
tion 25a and a disc portion 25b, four vane members 25c 
being provided on one of opposite surfaces of the disc 
portion 25b. Each of the vane members 25c has, as is 
the case with the previously described vane member 15, 
a center portion narrowed and has a width progressively 
increasing towards an outer periphery thereof and is of 
a shape twisted in a clockwise direction. With this struc- 
ture, the stirring member5 in the illustrated embodiment 
functions as an impeller (blade wheel) of a centrifugal 
pump to suck the cooling side heat transfer medium 
through the fluid intake port 21 and discharge the heat 
transfer medium through the fluid discharge port 24a. 
Also, a cubic-shaped permanent magnet 25d is fitted in 
an interior of each of the vane members 15b. 
[0062] Except for the overall length that is small, the 
shape and structure of the boss portion 25a are identical 
with those of the previously described heating side stir- 
ring member 5. In other words, the boss portion 25a is 
provided with ribs 25g positioned therein, and a tubular 
bearing member 25f is retained at a position aligned with 
the center of the boss portion 25a by means of these 
ribs 25g. Each of the ribs 25g is in the form of a plate 
having its surfaces inclined relative to an axial line to 
provide a force necessary to suck the fluid from the fluid 
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intake port. 

[0063] The relation between the cooling side manifold 
segment 3 and the cooling side stirring member 6 is sub- 
stantially identical with that on the heating side, and the 
cooling side stirring member 6 is disposed within the 
third cavity portion 20c of the cooling side manifold seg- 
ment 3. 

[0064] Accordingly, an end face of the bearing mem- 
ber 25f of the cooling side stirring member 6 is held in 
abutment with a stop member 32 through a washer 33, 
and an axial force of the cooling side stirring member 6 
is supported by the thermoelectric module 7 through the 
stop member 32. Accordingly, in the illustrated embod- 
iment, the cooling side stirring member 6 is, although 
rotatable, positioned axially immovable. In a condition 
in which the cooling side stirring member 5 is mounted 
in the cooling side manifold segment 3, the end face of 
the fixing member 32 is positioned on the substantially 
same plane as a surface of the flange portion 3a of the 
cooling side manifold segment 6. 
[0065] Also, in a condition in which the cooling side 
manifold segment 3 and the cooling side stirring mem- 
ber 6 are assembled together, the heat transfer medium 
intake port 21 of the cooling side manifold 3 and a front 
surfaceside of the disc portion of the cooling side stirring 
member 6 are communicated with each other. 
[0066] The heating and cooling side thermoelectric 
modules 7 in the above described embodiment are of a 
disc-shaped configuration. Each of the thermoelectric 
modules 7 utilizes a known Peltier element made up of 
an alternating array of P-type and N-type semiconduc- 
tors which are connected in series with each other 
through electrodes and sandwiched between heat con- 
ductive plates such as ceramic plates or aluminum 
plates. 

[0067] In the illustrated embodiment, while the two 
thermoelectric modules 7 are employed, these thermo- 
electric modules 7 are so configured as to have different 
powers so that the efficiency of heat exchange through 
the heat transfer medium within the heat transfer cavity 
1 7a can be increased. The power of the thermoelectric 
module 7 depends on the number of the semiconductors 
provided between the heat conductive plates, , the den- 
sity and the magnitude of a current density applied to 
the module 7. If the power is set by differing the number 
of the semiconductors forming the thermoelectric mod- 
ule 7, the thermoelectric module 7 can exhibit different 
powers while permitting the use of a common electric 
power for those modules 7. On the other hand, where 
the power is set by varying the current density, different 
thermoelectric powers can be exhibited while the ther- 
moelectric modules 7 of the same structure are em- 
ployed. In either case, when under the environment of 
use at normal temperatures the cooling side heat trans- 
fer medium is cooled down to 1 0 °C or lower, it is pre- 
ferred that the thermoelectric power of the heating side 
thermoelectric module 7 is higherthan that of the cooling 
side thermoelectric module 7. 



[0068] The stator 8b forms an electric motor together 
with the rotor provided in the stirring member 5 and is 
generally employed in the form of an electromagnet. An 
outer diametric shape of the motor casing member 8 en- 
5 closing the stator 8b is substantially cylindrical and has 
a hole 8a defined at a centerthereof, within this hole 8a 
is inserted the boss portion 2c of the manifold body 19, 
and the motor casing member 8 is fixed by the fixing ring 
9. 

[0069] The fixing ring 9 represents a generally disc 
shape having a screw hole 9a defined at a center there- 
of. On the other hand, the boss portion 2d of the manifold 
body 1 9 has an outer periphery formed with a screw 
groove onto which the fixing ring 9 can be fastened. 
[0070] The function of the manifold 1 in the illustrated 
embodiment will now be described. The manifold 1 in 
the illustrated embodiment is used as a part of a freezing 
apparatus 45 including heat exchangers 40 and 41 and 
air vent chambers 43 and 44 as shown in Fig. 24. 
[0071] The high and low temperature side air vent 
chambers 43 and 44 has a function of collecting gases 
immixed into a piping system by any reason to thereby 
prevent it from being circulated in a piping circuit and 
also to facilitate a smooth circulation of the heat transfer 
medium even though the heat transfer liquid decreases 
by any reason . The high temperature side air vent cham- 
bers 43 and 44 are, briefly speaking, used to provide a 
space in which the gases are collected and has a portion 
of the largest capacity defined at a highest level of the 
piping circuit. A high temperature side of the manifold 1 
is fluid coupled with a radiating condenser (heat ex- 
changer) 40 and a high temperature air vent chamber 
43. 

[0072] More specifically, a discharge port of the radi- 
ating condenser (heat exchanger) 40 and the heattrans- 
fer medium intake port 1 3 of the manifold 1 are connect- 
ed with each other. The heat transfer discharge port 14 
of the manifold 1 and an intake port 48 of the high tem- 
perature side air vent chamber 46 are connected with 
each other. Also, a heat transfer medium discharge port 
49 of the high temperature side airvent chamber 46 and 
an intake port of the radiating condenser (heat exchang- 
er) 40 are connected with each other. 
[0073] Thus, on a high temperature side of the mani- 
fold 1 , a closed circuit including the manifold 1 , the high 
temperature side air vent chamber 46 and the radiating 
condenser (heat exchanger) 40 is formed. A similar de- 
scription equally applies to a cooling side piping system 
and a closed circuit including an endothermic evapora- 
tor (heat exchanger) 41 and a low temperature side air 
vent chamber 44 is formed. 

[0074] Within the piping circuit, the heat transfer me- 
dium comprised of water as a principal component is 
circulated. It is to be noted that within the cooling side 
piping circuit, addition of an anti-freezing agent such as 
propylene glycol is preferred. While the heat transfer 
medium comprised of water as a principal component 
is preferred because of its high specific heat, any other 
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liquid medium can be employed. 
[0075] In the freezing apparatus to which the illustrat- 
ed embodiment is applied, no extra pump is needed 
since the manifold 1 concurrently serves a function of 
pump for moving the heat transfer medium. 
[0076] In this condition, an electric power is supplied 
to the thermoelectric modules 7 in the manifold 1 and 
also to the stator 8. Then, the temperature at the endo- 
thermic surface 7a of the cooling side thermoelectric 
module decreases and that at the exothermic surface 
7b increases. Since the exothermic surface 7b of the 
cooling side thermoelectric module 7 and the endother- 
mic surface 7a of the heating side thermoelectric mod- 
ule 7 are held in indirect contact with each other through 
the heat transfer medium within the heat transfer cavity 
17a, respective temperatures at these surfaces are 
equalized. Sincethe endothermic surface 7a of the cool- 
ing side thermoelectric module 7 (cooling side endother- 
mic surface) attains a temperature lower than that at the 
exothermic surface 7b thereof whereas the exothermic 
surface 7b of the heating side thermoelectric module 7 
(heating side exothermic surface) attains a temperature 
higher than that at the endothermic surface 7a, viewing 
the plural staged thermoelectric modules 7 as a whole, 
the temperature difference between the cooling side en- 
dothermic surface 7a and the heating side exothermic 
surface 7b increases to a value larger than that attained 
when only one thermoelectric module is employed. Al- 
so, heat transmission between these two thermoelectric 
modules 7 is carried out through the fluid and, therefore, 
distribution of temperature at a heat transmitting surface 
intermediate between the plural thermoelectric modules 
can be equalized, accompanied by equalization of dis- 
tribution of temperature atthe endothermic and exother- 
mic surfaces 7a and 7b on respective ends. 
[0077] Also, upon energization of the stator 8b, a 
magnetic force penetrates through the heating side 
manifold segment 2 to act on the rotor 16 disposed in- 
side it. As a result thereof, a rotational force is generated 
in the rotor 1 6 inside the heating side manifold segment 
2. Then, the rotor 16 and the heating side stirring mem- 
bers integrated together therewith rotate. Consequent- 
ly, the stirring blade 1 5 of the heating side stirring mem- 
ber 5 starts its rotation. 

[0078] Here, in the manifold 1 of the illustrated em- 
bodiment, the magnets 15d and 25d are fitted to the stir- 
ring members 5, 6 and 8 and the stirring members 5, 6 
and 18 are positioned on respective sides of the ther- 
moelectric modules 7. As the magnets 15d of the heat- 
ing side stirring member 5 and the magnets 1 8b of the 
intermediate stirring member 5 attract each other (or re- 
pel away from each other), the rotational force of the 
heating side stirring member 5 is transmitted to the in- 
termediate stirring member 18 to cause the latter to ro- 
tate continuously. Also, as the magnets 1 8b of the inter- 
mediate stirring member 1 8 and the magnets 25d of the 
cooling side stirring member 6 attract each other (or re- 
pel away from each other), the rotational force of the 



intermediate stirring member 18 is transmitted to the 
cooling side stirring member 6 to cause the latter to ro- 
tate continuously. 

[0079] Thus, by starting up the stator 8, the stirring 
5 members 5, 6 28 within the cavities rotate and the heat 
transfer medium within each of those cavities is stirred. 
In addition, the heating side and cooling side stirring 
members 5 and 6 functions as a vane wheel of a cen- 
trifugal pump to draw the heattransfer medium from the 
fluid intake ports 1 3 and 21 , and urge the heat transfer 
medium toward the outer peripheries of those cavities 
by a centrifugal force so that the heat transfer medium 
can be discharged outwardly from the fluid discharge 
ports 14a and 24a. In this way, the manifold 1 incorpo- 
rating the thermoelectric modules in the illustrated em- 
bodiment, although functioning as a pump, has a unique 
fluid circuit for the heat transfer medium inside it. 
[0080] In other words, on the heating side of the ther- 
moelectric manifold 1 according to the illustrated em- 
bodiment, the heat transfer medium enters through the 
heat transfer medium intake port 13 at the end of the 
heating side manifold segment 2. this heat transfer me- 
dium then flows within the first cavity portion 1 0a in the 
small diameter tubular portion 2e. Thereafter, the heat 
transfer medium passes between the ribs 1 1 b within the 
second first cavity portion 1 0b in the large diameter tu- 
bular portion 2d. Further, the heat transfer medium flows 
through the boss portion 1 5a of the heating side stirring 
member 5 and then through the ribs 15g before it reach- 
es the opening at the front surface of the disc portion 
1 5b of the heating side stirring member 5. 
[0081] A similar operation takes place on the cooling 
side as well, and the heat transfer medium entering 
through the heat transfer intake port 21 at the end of the 
cooling side manifold segment 3 flows through the first 
cavity portion 20a, then through the ribs 22b in the sec- 
ond cavity portion 20b and thereafter flows through the 
boss portion 25a of the cooling side stirring member 6 
before it reaches at the center of the vane members 25 
of the heating side stirring member 6. 
[0082] In the manifold 1 incorporating the thermoelec- 
tric modules according to the illustrated embodiment, 
the heat transfer medium flows through the straightfluid 
circuit and then flows directly into the respective center 
portion of the vane members 15 and 25 of the heating 
side stirring members 5 and 6. Sincethe center portions 
of the vane members 1 5 and 25 are where a negative 
pressure is developed by the rotation, the manifold 1 in- 
corporating the thermoelectric modules according to the 
illustrated embodiment can exhibit a high efficiency as 
a pump. 

[0083] Also, in the illustrated embodiment, the ribs 
15g and 25g disposed respectively inside the boss por- 
tions 15a and 25a of the stirring members 5 and 6 are 
in the form of a plate and have their surfaces inclined 
relative to the axial line as shown in Fig. 10. For this 
reason, as the heat transfer medium passes through the 
boss portions 1 5a and 25a, a pumping force can be im- 
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parted to the heat transfer medium and, therefore, a 
higher efficiency can be expected. 
[0084] The heat transfer medium entering the respec- 
tive center portions of the vane members 1 5 and 25 are 
urged by the rotation of the vane members 15 and 25 
and is then discharged from the heat transfer discharge 
ports 14 and 24. As the heat transfer medium is dis- 
charged, a fresh heat transfer medium is sucked 
through the heat transfer intake ports 1 3 and 21 . 
[0085] Since in the thermoelectric manifold 1 accord- 
ing to the illustrated embodiment the heat transfer me- 
dium is stirred, there is many opportunities for the heat 
transfer medium to contact the heat transfer surfaces 
7a and 7b. Particularly in the illustrated embodiment, the 
heat transfer medium enters orthogonal to the heat 
transfer surfaces 7a and 7b of the thermoelectric mod- 
ule 7. For this reason, the heat transfer medium im- 
pinged at right angles to the thermoelectric module 7. 
Accordingly, the manifold 1 incorporating the thermoe- 
lectric modules according to the illustrated embodiment 
has a high efficiency of heat exchange between the heat 
transfer medium and the heat transfer surfaces 7a and 
7b. 

[0086] In addition, with the thermoelectric manifold 1 
according to the illustrated embodiment, not only is the 
axially acting force supported by the stop members 28 
and 32 fitted to the stationary shafts 12 and 23 of the 
stirring members 5 and 6, respectively, but also the stop 
members 28 and 32 are engaged with the substantially 
center portion of the heat transfer surface of the ther- 
moelectric module 7 to enable the heat of the thermoe- 
lectric module 7 to be transmitted to the stop members 
28 and 32. Since respective outer peripheral sides of 
those stop members 28 and 32 are defined as parts of 
the flow passage for the heat transfer medium, the ther- 
moelectric manifold of the illustrated embodiment can 
be expected to exhibit a high heat exchange efficiency. 
[0087] It is to be noted that the stop members may be 
fixed on the stationary shafts 12 and 23, respectively, at 
a location slightly inwardly of respective surfaces of the 
associated flanges 2a and 3a so secure a gap between 
the stirring members 5 and 6 and the thermoelectric 
module 7 and the tip ends of the support shafts 12 and 
23. According to this, by allowing the heat transfer me- 
dium to flow into the above described gap, the heat 
transfer medium is always present on the surface of the 
thermoelectric module and, therefore, a higher heat ex- 
change efficiency can be expected. 

(Second Embodiment) 

[0088] With reference to Figs. 25 and 26, a second 
embodiment of the present invention will be described. 
The thermoelectric manifold forming the thermoelectric 
device according to this second embodiment is identi- 
fied by 60. In this manifold 60, the stator 61 for driving 
the stirring members 5. 6 and 1 8 is disposed inside the 
intermediate manifold segment 17 and at a location ad- 



jacent an outer periphery of the intermediate stirring 
member 1 8. The magnets 1 8b fitted to the intermediate 
stirring member 18 serve as a rotor, and this rotor 18b 
and the stator 61 altogether define an electric motor. Ac- 

5 cordingly, when a voltage is applied to the stator 61 , the 
intermediate stirring member 18 is driven first. The ro- 
tational force of this intermediate stirring member 18 is 
transmitted to the cooling side stirring member 6 and 
also to the heating side stirring member 5 by the action 

10 of magnetic forces of the magnets 18b, 25d and 15d, 
thereby causing the stirring members 5 and 6 to be driv- 
en unison. 

[0089] Also, the heating manifold segment 2' is of a 
structure symmetrical with the cooling manifold seg- 
15 ment 3 in the first embodiment and no rotor is provided 
on the heating side stirring member 5. 
[0090] According to the second embodiment, since 
the rotor 18b is provided on the intermediate stirring 
member 5 so that the stirring member 1 8 can be driven 
20 and the rotational force of the intermediate stirring mem- 
ber 18 is transmitted by the utilization of the magnetic 
force to the stirring members 5 and 6 on respective sides 
thereof in the axial direction, not only can all of the stir- 
ring members 5. 6 and 18 be driven efficiently to assur- 
es edly stir the fluid within each of the cavities while the 
structure can be simplified, the number of component 
parts is reduced, compactization is aimed at and, at the 
same time, a loss of power transmission is reduced, but 
also the stirring members are made to function as a 
30 pump securely. 

(Third Embodiment) 

[0091] Figs. 27 and 28 illustrates the thermoelectric 
35 device 65 according to a third embodiment of the 
present invention. In this thermoelectric device 65, only 
the heating side manifold is used and no manifold is 
used on the cooling side. The heating side manifoldseg- 
ment 2 has a structure totally identical with that in the 
40 first embodiment and this embodiment is a version in 
which the cooling side manifold segment 3 used in the 
previously described embodiments is replaced with a fin 
member 66. In other words, in the thermoelectric device 
65 according to the third embodiment, the endothermic 
45 surface 7a of the cooling side thermoelectric module 7 
is held in direct contact with a wall surface (heat con- 
ductive plate) 66a of the fin member 66. This manifold 
according to this embodiment is suited for use in a re- 
frigerator having an interior space cooled by the fin 
50 member 66. 

(Fourth Embodiment) 

[0092] Fig. 29 illustrates the thermoelectric device 75 
55 according to a fourth embodiment of the present inven- 
tion. In this thermoelectric device 75, no manifold is em- 
ployed and, instead, a radiating fin member 76 is pro- 
vided at a heating side end portion of a cavity defining 
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member 1 7 defining a heat transfer cavity between the 
two thermoelectric modules 7, and a box 77 defining a 
refrigerating compartment is provided at a cooling side 
end portion. 

[0093] The radiating fin member 76 is held in direct 
contact with the exothermic surface 7b of the heating 
side thermoelectric module 7. Also, the refrigerating 
compartment defining box 77 is held in direct contact 
with the endothermic surface 7a of the cooling side ther- 
moelectric module 7. 

[0094] The thermoelectric refrigerating device 75 ac- 
cording to this embodiment employs no pump structure 
and no piping and can, therefore, be constructed as a 
small-size compact refrigerator that may be a portable 
refrigerator. 



Claims 

1 . A thermoelectric device characterized by compris- 
ing: 

a plurality of thermoelectric modules each hav- 
ing endothermic and exothermic surfaces that 
are cooled and heated, respectively, when an 
electric current is supplied, said thermoelectric 
modules being juxtaposed with the endother- 
mic surface of one of the thermoelectric mod- 
ules held in face-to-face relation with the endo- 
thermic surface of the nest succeeding thermo- 
electric module; and 

a cavity defining member for defining a heat 
transfer cavity between the neighboring ther- 
moelectric modules. 

2. The thermoelectric device as claimed in Claim 1 , 
characterized by further comprising a stirring 
means for stirring afluid within the heat transfer cav- 
ity. 

3. The thermoelectric device as claimed in Claim 2, 
characterized in that the stirring means comprises 
a stirring blade rotatably supported within the heat 
transfer cavity. 

4. The thermoelectric device as claimed in Claim 3, 
characterized by further comprising a rotor carried 
by the stirring blade and a stator carried by the cav- 
ity defining member at a location adjacent an outer 
periphery of the stirring blade, said rotor and said 
stator constituting an electric motor. 

5. The thermoelectric device as claimed in Claim 3 or 
4, characterized by further comprising a support 
shaft by which the stirring blade is rotatably support- 
ed, and an oscillation preventing member held in 
abutment with an inner surface of the cavity defining 
member, said support shaft being supported by the 



oscillation preventing member. 

6. The thermoelectric device as claimed in any one of 
Claims 1 to 5, characterized in that each of ther- 

5 moelectric module comprises a Peltier element in- 

cluding an array of P-type and N-type semiconduc- 
tors connected in series with each other, the 
number of the semiconductors forming each ther- 
moelectric module differing from one thermoelectric 

10 module to another. 

7. The thermoelectric device as claimed in any one of 
Claims 1 to 6, characterized by further comprising 
a cooling cavity defining memberfor defining a cool- 
's jng cavity between it and the endothermic surface 

of a cooling side thermoelectric module of all the 
thermoelectric modules, said cooling cavity defining 
member having a fluid intake port and a fluid dis- 
charge port defined therein. 

20 

8. The thermoelectric device as claimed in any one of 
Claims 1 to 7, characterized by further comprising 
a heating cavity defining member for defining a 
cooling side thermoelectric module of all the ther- 
ms moelectric modules, said heating cavity defining 

member having a fluid intake port and a fluid dis- 
charge port defined therein. 

9. A thermoelectric manifold characterized by corn- 
so prising: 

a manifold body; 

a plurality of thermoelectric modules each hav- 
ing endothermic and exothermic surfaces that 
35 are cooled and heated, respectively, when an 

electric current is supplied, said thermoelectric 
modules being juxtaposed within the manifold 
body with the endothermic surface of one of the 
thermoelectric modules held in face-to-face re- 
40 lation with the endothermic surface of the nest 

succeeding thermoelectric module; and 
said manifold body having its interior divided in- 
to a cooling cavity between it and the endother- 
mic surface on a cooling end side, a heating 
45 cavity between it and the exothermic surface on 

a heating end side, and a heat transfer cavity 
between the neighboring thermoelectric mod- 
ule. 

50 10. The thermoelectric manifold as claimed in Claim 9. 
characterized by further comprising a stirring 
member disposed in each of the cooling, heating 
and heat transfer cavities for stirring a fluid within 
the respective cavity. 

55 

11. The thermoelectric manifold as claimed in Claim 10, 
characterized in that the endothermic and exo- 
thermic surfaces of each of the thermoelectric mod- 
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ules lie parallel to each other, in that the stirring 
member within each of the cavities is supported 
within the manifold body for rotation about an axis 
lying perpendicular to any one of the endothermic 
and exothermic surfaces, and in thatthere is further 5 
provided a paramagnetic body secured to the stir- 
ring member in each of the cavities such that the 
stirring members in the cavities rotate in unison with 
each other. 

10 

12. The thermoelectric manifold as claimed in Claim 11 , 
characterized by further comprising a rotor carried 
by the stirring member within at least one of the 
cooling and heating cavities, and a stator carried by 

the manifold body, said rotor and said stator consti- 15 
tuting an electric motor. 

13. The thermoelectric manifold as claimed in Claim 11 , 
characterized by further comprising a stator dis- 
posed at a location radially outwardly of the stirring 20 
member within at least one of the heat transfer cav- 
ities, said stator cooperable with the paramagnetic 
body secured to the stirring member, serving as a 
rotor, to drive such stirring member. 

25 

14. The thermoelectric manifold as claimed in any one 
of Claims 10 to 13, characterized by further com- 
prising a support shaft by which the stirring member 
within the heat transfer cavity is rotatably support- 
ed, and an oscillation preventing member posi- 30 
tioned within the manifold body, said support shaft 
being supported by the oscillation preventing mem- 
ber. 

15. The thermoelectric manifold as claimed in any one 35 
of Claims 9 to 1 4, characterized in that each of the 
thermoelectric modules comprises a Peltier ele- 
ment including an array of P-type and N-type sem- 
iconductors connected in series with each other, the 
number of the semiconductors forming each ther- 40 
moelectric module differing from one thermoelectric 
module to another. 



14 



EP 1 164 340 A1 



CO 




15 



EP 1 164 340 A1 




16 



EP 1 164 340 A1 




17 



EP 1 164 340 A1 



Fig. 4 



19 




17 



18 



EP 1 164 340 A1 




EP 1 164 340 A1 



Fig. 7 




17b 



20 



EP 1 164 340 A1 




21 



EP 1 164 340 A1 



18a 




22 



EP 1 164 340 A1 




EP 1 164 340 A1 




24 



EP 1 164 340 A1 




Fig. 21 



73s 



-73b 



<— 73b 



25 



EP 1 164 340 A1 




26 



EP 1 164 340 A1 



Fig. 24 




— 40 



Fig. 25 





22a 22 b 
22 




\7sSA 



r 

28 W X , )* 



~2L 




11b 11a 



11 



18 18 b 



27 



EP 1 164 340 A1 



Fig. 26 




28 



EP 1 164 340 A1 




29 



EP 1 164 340 A1 



Fig. 29 




30 



EP 1 164 340 A1 



INTERNATIONAL SEARCH REPORT 


International application No. 




PCT/JP0O/01633 


A. CLASSIFICATION OF SUBJECT MATTER 




Int. CI 7 F25B21/02 





According 10 International Patent Classification (IPC) or to both national classification and IPC 

B, FIELDS SEARCHED 

Minimum documentation searched (classification system followed by classification symbols) 
Int. CI 7 F25B21/02 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 
Jitsuyo Shinan Koho 1926-1996 Toroku Jitsuyo Shinan Koho 1994-2000 

Kokai Jitsuyo Shinan Koho 1971-2000 Jitsuyo Shinan Toroku Koho 1996-2000 

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used) 
WPI 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 


Citation of document, with indication, where appropriate, of the relevant passages 


Relevant to claim No. 


X 
Y 


JP, 39-7546, B (Licentia Patent -Verwaltungs GmbH), 
15 May, 1964 (15.05.64) , 

page 2, left column, line 29 to page 2 , right column, line 9 
(Family: none) 


1 

2-15 


V 


WO, 89/01594, AX, 

23 February, 1989 (23.02.89), 

& JP, 2-33576, A (Komatsu Ltd.), 02 February, 1990 
(02.02.90), Fig.l 


6-8, 15 


Y 
A 


WO, 95/31688, Al , 

23 November, 1995 (23.11.95), 

& JP, 10-500201, A (Hydrococl PTY. Ltd.), 

06 January, 1998 {06.01.98), 

page 1, left column, lines 3-16 


7-15 
2-6 


Y 


JP, 50-1522O4, A (Namiki Seimitsu Houseki K.K.), 
08 December, 1975 (08.12.75), 

page 1, right column, line 6 to page 2, left column, line 
10 (Family: none) 


11-15 



Further documents are listed in the continuation of Box C. {^\ See patent family annex. 



Special categories of cited documents; T" 
"A" document defining the general state of the art which is not 

considered to be of particular relevance 
"E n earlier document but published on or after the international filing "X M 
date 

'V document which may throw doubts on priority cluim(s) or which is 

cited to establish the publication date of another citation or other "V 
special reason (as specified) 

'"O" document referring lu an oral disclosure, use, exhibition or other 
means 

"P" document published prior to the international filing date but later 
than the priority date claimed 



later document published after the international filing date or 
priority date and not in conflict with the application but cited to 
understand the principle or iheory underlying the invention 
document of particular relevance; the claimed invention cannot be 
considered novel or cannot be considered to involve an inventive 
iiep when the document is taken alone 

document of particular relevance; the claimed invention cannot be 
considered to involve art inventive step when ihe document is 
combined with one or more other such documents, such 
combination being obvious (o a person skilled in the art 
document member of the same patem family 



Date of mailing of the international search report 
27 June, 2000 (27.06.00) 



Date 



of the actual completion of the international search 
13 June, 2000 (13.06.00) 



Name and mailing address of the ISA/ 

Japanese Patent Office 

Facsimile No, 



Authorized officer 



Telephone No, 



Form PCT/lSA/2 10 (second sheet) (July 1992) 



31 



EP 1 164 340 A1 



INTERNATIONAL SEARCH REPORT 



International application No. 

PCT/JP00/01633 



C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



Y 
A 



JP, 10-311290, A {Japan Servo Co., Ltd.), 
24 November, 1998 (24.11.98), 

page 2, left column, line 41 to right column, line 1, 
(Family; none) 



12-15 
4-8 



Form PCT/ISA/210 (continuation of second sheet) (July 1992) 



32 



